 F1, F2 and F3 were 3.08 ± 0.21, 3.34 ± 0.28, and 3.99 ± 0.19 
INTRODUCTION
Diabetes is a chronic metabolic disease characterized by high fasting blood sugar levels [1] . Metformin hydrochloride (metformin HCl) is a biguanide drug used for treating non-insulin dependent diabetes mellitus [2, 3] . However, metformin HCl has a short half-life of about 2.7 to 4 h, thereby necessitating frequent administration to patients for control of blood glucose [4, 5] . One way of solving this problem is by encapsulating the drug in the microsphere delivery system to prolong its half-life and minimize its side effects [6] .
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Microspheres are drug-containing matrix systems with sizes in the range 5 -5000 μm, and are usually used for slow and controlled-release [7, 8] . Ionotropic gelation is a simple, quick and cost-effective method which is able to crosslink to counter ions to form hydrogel using drop or aerosolization [9, 10] . Alginate is an anionic, biocompatible and biodegradable polysaccharide comprising L-glucuronic (G) and D-mannuronic acid (M) subunits [11] [12] [13] [14] . Alginate forms egg-box gels with a divalent cation such as Ca 2+ [13] . Microsphere formulations are influenced by factors such as drug, polymer and cross-linker concentrations; cross-link time and ratio of drug to polymer [15] . Some studies used polymer : drug ratios of 1:1, 1:1.5 and 1:2 to improve the entrapment efficiency of metformin HCL from 66.7 to 85.08 % [13, 16, 17] . However, the size of the microspheres produced was still large (100 -480 μm). Therefore, there is need for optimal polymer and drug concentrations [18] . To improve their stability, microspheres have been formulated in dry forms using freeze drying and maltodextrin as lyoprotectant [19, 20] . The aim of the present study was to investigate the effect of drug : polymer ratios on the physical characteristics and release of metformin HCl from alginate microspheres.
EXPERIMENTAL Materials
Metformin HCl was product of Combiphar; sodium alginate was obtained from SigmaAldrich Inc.; while food grade CaCl 2 H 2 O, sodium citrate, maltodextrin and aquadest were products of PT.Bratachem. Hydrochloric acid, Na 2 HPO 4, KH 2 PO 4 , phosphate buffered saline (PBS), NaOH and NaCl were supplied by Merck). Metformin, sodium alginate and citrate were pharmaceutical grade.
Formulation of microspheres
The production of metformin HCl-alginate microspheres using aerosolization technique was started by dissolving Na Alginate in 100 ml distilled water to yield 0.5, 0.75 and 1.0 % solutions. Metformin HCl (500 mg) was then dispersed into the resultant alginate solutions, and mixed until homogeneous. A solution of CaCl 2 was made in 100 mL of aquadest according to the concentration in the formula. Each dispersed solution of metformin HClalginate was sprayed into the CaCl 2 solution using a spray aerosol of aperture 35 μm at a constant pressure of 40 psi. The distance between the atomizer and the surface of the CaCl 2 solution was maintained at 8 cm, and the sprayed mixture was stirred with a magnetic stirrer for 30 min at 1000 rpm. The resultant microspheres were separated from the CaCl 2 by centrifugation at 2500 rpm for 6 min, washed twice with aquadest, and suspended in 5 % maltodextrin lyoprotectant. Finally, the microspheres were freeze-dried at -80 °C for 29 h. The compositions of the various microspheres are shown in Table 1 . 
Evaluation of entrapment efficiency and drug loading
Microspheres (150 mg) were added to 50 ml of 0.5 M Na Citrate buffer, pH 8.5. The mixture of microspheres and Na Citrate was stirred using a magnetic stirrer at 1000 rpm for 3 h, and the absorbance of the sample solution was read in a spectrophotometer at 239 nm. The entrapment efficiency was calculated from the content of metformin HCl in microspheres as the ratio of metformin HCl to theoretical content of metformin HCl expressed as a percentage, while drug loading was computed as the ratio of the weight of the dry microspheres to the weight of the initial microspheres expressed as a percentage.
Determination of yield
The yield of microspheres was calculated as the ratio of the dry microsphere to the total weight of the ingredients used in producing the dry microspheres.
Morphological examination
The morphology of the metformin HCl-Alginate microspheres were evaluated using an optical microscope, while that of the dry microspheres was observed with a scanning electron microscope (SEM).
In vitro drug release studies
In vitro drug release studies were conducted by first constructing a standard curve of metformin HCl in HCl at pH 1.2, and in PBS at pH 7.4. Metformin HCl release from microspheres was studied in a thermoshaker at 37 °C at a speed of 100 rpm. Each formulation of microspheres weighed 750 mg. This was added to the release medium. The release medium (100 ml of HCl, pH 1.2) was prepared and thermostated at 37 ± 0.5 °C. Once the temperature reached 37 ± 0.5 °C and speed was set up at 100 rpm, samples of the HCl medium, pH 1.2 were removed at the rate of 3.0 ml/min at 10, 30, 60, and 120 min. Each withdrawn sample was replaced with an equivalent volume of the release medium at the same temperature. Then, the pH of the medium was adjusted to 7. 
Statistical analysis
Drug loading, entrapment efficiency and yield were analyzed statistically using one way analysis of variance (ANOVA) with IBM SPSS Statistic 22.0 program at 95 % confidence level.
RESULTS
Optical microscopy of the morphology of the wet microspheres F1, F2 and F3 showed spherical shape and smooth surfaces. The addition of maltodextrin lyoprotectant resulted in microspheres with a spherical shape and a smooth surface. This was also evident from the results of SEM on the dry microspheres ( Figure  1 ).
Data on drug loadings of metformin HCl in microspheres, entrapment efficiency and yield are presented in Table 2 . The flux of metformin HCl from microspheres, and their release profiles at pH 1.2 and pH 7.4 are shown in Table 3 and Figure 2 , respectively. 
DISCUSSION
In this study, the addition of maltodextrin resulted in the spherical shape and smooth surface of the microspheres. This was due the covering of cavities or pores on the surface of the microspheres, thus increasing their number and size through the formation of hydrogen bonds with polar groups on the surface of microspheres [20] . The amorphous form of maltodextrin maximized the number of hydrogen bonds formed [20, 22] . The particle size of microspheres was about 3 μm in the three formulations.
Results of loadings, entrapment efficiency and yield showed that metformin HCl loading in microspheres increased in response to increases in alginate polymer levels. This was so because increased levels of alginate enhanced the degree of cross-links, thereby increasing the availability of calcium binding sites in the polymer chain, and hence the capacity of the microspheres to bind the drug [21, 23] . In addition, increases in polymer: drug ratios enhanced entrapment efficiency because an increase in polymer increases the encapsulation of metformin HCl [25] . Thus, the entrapment efficiency of F3 was greater than that of F2 or F1.
The yield of the three formulations suggested that increased polymer concentration enhanced microsphere yield. Following evaluations of drug loadings and entrapment efficiency, further experiments on release testing was conducted. The release rate study was performed in two phases because the release was made to mimic physiological conditions. In the first phase, microspheres were incubated in HCl at pH 1.2 for 120 min. Conditions in this first phase resembled those of the stomach, where gastric pH during fasting reaches 1 -2, with gastric emptying time of about 2 -6 h, depending on the amount and type of food consumed. After sampling for 120 min, the pH of the HCl medium was adjusted to 7.4 ± 0.5, to mimic the pH of the intestine, and used to evaluate metformin HCl release at alkaline pH. The cumulative percentage release of metformin HCl for 12 h from F1, F2 and F3 were 96.40 ± 7.37, 84.27 ± 13.96, and 74.98 ± 12.95 %, respectively.
Based on results obtained from release profile were in accordance with the hypothesis at the outset that amount of metformin hydrochloride were separated at acidic pH and amount of drug were loose at alkaline pH was greater and constantly released within certain time.
It has been reported that an increase in polymer concentration increased the entrapment capacity of drugs in microspheres [21] . Increasing concentrations of alginate microspheres will lead to slower release because the surface of microspheres becomes coated with polymer, leading to slower diffusion of drug out of the matrix [25] . The rate of release was obtained by regression at steady state conditions. The slope of the regression equation showed the rate of release (flux) of metformin HCl from the alginate microspheres. The flux of F1, F2 and F3 were 9.6390 x 10 -2 , 9.0985 x 10 -2 , and 8.3312 x 10 -2 %/min, respectively. These results indicated a trend in which increased concentrations of alginate decreased the release rate of metformin HCl. When the concentration of alginate is increased, the thickness of the layer around drug particles is also increased [21] . A decrease in the release rate of a drug may occur as a result a decrease in the diffusion coefficient of the drug, the pore size of particles and the rate of particle swelling in body fluids so that the penetration rate of body fluids into the particle decreases [21, 25] . Statistically significant differences were seen in the metformin HCl release rates of F1, F2 and F3. This may be caused a number of factors: the concentration of the polymer used was probably not enough for optimal crosslinker levels. Moreover, it is possible that the crosslinking time, and the stirring speed were not optimal. Metformin HCl-alginate microsphere preparation by ionotropic gelation method at drug : polymer ratios of 1: 1; 1: 1.5; and 1: 2 did not provide significant differences in the release rates. Thus, further research to improve drug loadings and in vivo tests were needed.
CONCLUSION
This research has formulated optimized metformin-alginate microspheres and showed their good physical characteristics and in vitro drug release profiles. These findings suggest that the microspheres might be potent drug delivery systems for the treatment of diabetic mellitus.
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